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CLINICAL SPECTRUM OF NEONATAL 
ENCEPHALOPATHY 
AND THE ROLE OF CPK MB ASSAY 
IN TRANSIENT MYOCARDIAL ISCHEMIA OF 
HYPOXIC ISCHEMIC ENCEPHALOPATHY 
 
AIM : 
To study the various causes of encephalopathy and their outcome 
in newborns admitted in TVMCH and to evaluate the myocardial 
dysfunction in neonates having birth asphyxia (HIE ) by 
electrocardiographic study (ECG) and creatine phosphor kinase  muscle 
brain fraction (CPK-MB ) assay.  
 
METHODOLOGY: 
All term neonates with features of encephalopathy admitted in sick 
neonatal ward of Government Tirunelveli medical college Hospital for a 
period of 8 months between January 2014 to august 2014 were included. 
Babies admitted in the hospital with evidence of asphyxia indicated by 
any three of the following: 
(i) APGAR <3 at 5 minutes.  
(ii) fetal heart rate < 60/min 
(iii) Meconium stained amniotic fluid  
(iv) need for positive pressure ventilation for >1 min                                 
Exclusion criteria: 
 (i)Preterm babies,    
 (ii) Neonates with congenital malformation, 
(iii) Neonates mothers who would have received magnesium sulphate 
injection within 4 hours prior to delivery or received opioids 
(pharmacological depression) or any other form of sedation. 
 
STUDY PROTOCOL:    
       After written consent from parents, all the neonates included in study 
had the  
following done: 
       Detailed maternal history, details of meconium staining of amniotic 
fluid, birth  
events, APGAR score, Sex and weight of the baby recorded. Gestational 
age of baby assessed by New Ballard scoring system. Detailed clinical 
and neurological examination were done. Non-invasive blood pressures, 
perfusion index using pulsoximetry were measured. 
 
    Serum creatine phospho kinase MB assay were done at birth, 24 hours 
and at 72 hours. Chest X-ray was taken to assess cardiomegaly, 
electrocardiography and where possible echocardiography based on 
transportability of newborn were done. Treatment as per existing 
institutional protocol was given.   
 
RESULTS: 
  During the study period 70 babies had neonatal encephalopathy. 
Out of which 65 babies had Hypoxic encephalopathy. Others include 2 
babies with hypoglycemia, 2 babies with intraventricular haemorrhage 
and one case of bilirubin encephalopathy. 
 
    Further 65 babies with HIE were evaluated for transient myocardial 
ischemia.Analysis showed the following: 
           The cases with high CPK MB 24 hours are more likely to have 
shock than those without high CPK MB 24hours value. The other CPK 
values are not related to the shock occurrence.  
 
There is no difference in the high CPK-MB value at birth for those 
with and without cardiomegaly. The case with cardiomegaly is more 
likely to have high CPK-MB value at 24 hours and 72 hours than in the 
cases without cardiomegaly. 
 
            There is a significant difference in the presence of negative ECHO 
findings in those with and without high CPK-MB value. The cases with 
high CPK-MB value are less likely to have a negative ECHO finding. 
CONCLUSION: 
Neonatal encephalopathy is a common condition in a neonatal 
intensive care unit. Hypoxic ischemic encephalopathy is the most 
common cause of neonatal encephalopathy. 
 
Routine ECG monitoring of asphyxiated babies helps to detect 
myocardial dysfunction and hence the identification of shock. 
 
Assay of cardiac enzyme markers CPK-MB helps to complement 
clinical evaluation for early identification of shock. 
 
Use of pulsoximeters which measure perfusion index is useful tool 
for recognition of shock. 
 
KEY WORDS: 
Neonatal Encephalopathy, Birth Asphyxia, Transient Myocardial 
Ischemia, CPK-MB.  
 
 
    
1. INTRODUCTION 
 
         Neonatal encephalopathy is the term used to represent “an abnormal 
neurobehavioral state consisting of decreased level of consciousness and 
usually other signs of brain stem or motor dysfunction”. Hypoxic 
ischemic encephalopathy or simply birth asphyxia is the major cause of 
neonatal encephalopathy. In addition to birth asphyxia large numbers of 
conditions like birth trauma, hypoglycemia, meningitis, bilirubin 
encephalopathy, inborn errors of metabolism, central nervous system 
defects accidental local anesthetic intoxication, space occupying lesions, 
intracranial hemorrhage, etc. produce neonatal encephalopathy. “Failure 
to initiate or sustain respiration after birth” is the WHO definition for 
birth asphyxia.  
 
Major advancement have been made in the field of fetal and 
perinatal medicine by use of newer monitoring technologies but till date 
birth asphyxia causes prolonged hospitalization due to multiple organ 
dysfunction and many the times the complications result in death. Even 
among the survivors brain damage results in developmental delay and 
spasticity. 
 
In India birth asphyxia causes around 20% of newborn deaths1. 
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Perinatal asphyxia affects multiple organs and the features of the 
affected organ dysfunction slowly manifested clinically. No organ is 
actually spared. Critical organ dysfunction leads to drastic worsening of 
the newborn’s vital parameters. Early detection of this dysfunction in a 
neonatal intensive care unit determines the morbidity and mortality. 
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Late recognition of the critical organ dysfunction results in serious 
complications and may lead on to death Myocardial ischemia occurring in 
asphyxiated babies is transient in nature. 
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2. AIMS AND OBJECTIVES: 
 
AIM : 
To study the various causes of encephalopathy and their outcome 
in newborns admitted in TVMCH and to evaluate the myocardial 
dysfunction in neonates having birth asphyxia (HIE) by 
electrocardiographic study and creatine phospho kinase muscle brain 
fraction (CPK-MB ) assay.  
 
OBJECTIVES: 
Various causes, presentations of neonatal encephalopathy, methods 
used for diagnosis and outcome measured with respect to survival. CPK-
MB assay along with ECG and clinical evaluation will be analysed to 
detect the relationship with HIE and outcome. 
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3. REVIEW OF LITERATURE 
 
The WHO definition of birth asphyxia in the international 
Classification of diseases (ICD 10) is based on the Apgar scoring system . 
The ICD -10 definition of birth asphyxia is dependent on the 1minute 
apgar score .An 1 minute apgar score of  0-3 defines severe birth 
asphyxia and moderate asphyxia is the baby having an 1 minute Apgar 
score of 4-7. 
 
The NNPD 2000 defined perinatal asphyxia as “slow gasping 
breathing or an Apgar score of 4-6 as moderate asphyxia whereas the one 
with no breathing or an Apgar score of 0-3 at 1 minute as severe 
asphyxia”.1 
 
The National neonatology forum (NNF) of India has used asphyxia 
as "gasping or ineffective breathing or lack of breathing at one minute of 
life"1 
 
A descriptive term 'birth depression' is used to indicate a newborn 
with poor Apgars but without passing judgement on etiology. The use of 
word 'perinatal' rather than 'birth' clarifies that the pathological process 
that may begin many hours before birth and may continue for many hours 
afterwards. Causes are numerous and there clinical manifestations vary. 
Babies who had mild asphyxia may not have any neurological injury. 
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However a severely asphyxia may be fatal in utero, or immediately after 
birth, with extensive neurological sequelae with or without cognitive 
deficits among survivors. 
 
CAUSE FOR DELAY IN RESPIRATION3 
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The terms that may be used in evaluating a term infant at risk for 
brain injury in the perinatal period are as follows: 
 
À. Neonatal depression 4 
Its a term used to describe an infant who has a prolonged transition 
from an intrauterine to an extra uterine environment. 1 min and 5 min 
Apgar scores are usually low in these infants. 
 
B. Neonatal encephalopathy  
Its a clinical term used to describe an abnormal neurobehavioral 
state that consists of a decreased level of consciousness with 
abnormalities in neuromotor tone. Characteristic feature is that one that 
begins within the first postnatal day and may be associated with seizure-
like activity, hypoventilation or apnoea, depressed primitive reflexes and 
the appearance of brain stem reflexes.  
 
It does not imply a specific etiology, nor does it imply a irreversible 
neurologic injury. 
 
C.Hypoxic-ischemic encephalopathy 
HIE is “an abnormal neurobehavioral state in which the 
predominant pathogenic mechanism is impaired cerebral blood flow”. 
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D.Hypoxic-ischemic brain injury 
It refers to “neuropathology attributable to hypoxia and/or ischemia 
as evidenced by biochemical (such as serum creatine kinase brain bound 
[CK BB]), electro physiologic (EEG), neuroimaging (cranial 
ultrasonography, MRI, CT) or post-mortem abnormalities”.4 
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INCIDENCE:  
The occurrence of perinatal asphyxia is in the range of 1% to 1.5% 
of total live births in western hemisphere,  gestational age and birth 
weight are the two important determinants associated with asphyxia4. The 
higher the birth weight and more the gestational age less likely are 
asphyxia. The incidence is about 0.5% of live born infants >36 weeks 
gestation accounting for around 20% of perinatal deaths. It accounts for 
50% if stillborns are included. A higher incidence is noted in term IDM 
infants of diabetic or toxaemic mothers, IUGR babies, post-dated and 
babies with breech presentations. Of the 26 million births each year in 
India, 4-6% of neonates fail to establish spontaneous breath at birth5. 
Nearly 8.4% of inborn babies in India have 1 minute Apgar score < 7 and 
around 1.4% have HIE6. 
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ETIOLOGY:  
 
Impaired gas exchange across the placenta is the main problem that 
leads to insufficient provision of oxygen and removal of carbon dioxide 
and hydrogen ion ( H+) from the foetus results in 90% of asphyxial 
events during and before the labour period in term infants.  
 
 
Remainder of these events are secondary to pulmonary, 
cardiovascular or neurologic abnormalities that occur in postpartum 
period. 
 
A. Following factors increase the chances of perinatal asphyxia: 
 
1. Decline in mother’s oxygenation / Hb saturation 
2. Decreased placental blood flow from the mother  
3. Decreased blood flow from the placenta to foetus 
4. Insufficient gas exchange across the placenta or at the foetal tissue 
level. 
5. Increase in foetal oxygen requirement. 
 
 
B. Etiologies of perinatal hypoxia-ischemia are 
10 
 
 
 
 
1. Maternal determinants: hypertension (acute or chronic), infection, 
diabetes, hypotension, vascular disease, drug use and hypoxia due 
to pulmonary, cardiac or neurologic diseases. 
2. Placental causes: infarction, fibrosis, abruption or hydrops. 
3. Uterine bleed, rupture. 
4. Umbilical cord accidents:  cord prolapse, entanglement, true knot , 
external compression. 
5. Abnormalities of umbilical vessels. 
6. Foetal factors: low Hb levels, intra uterine infection, cardiac 
diseases, hydrops, severe cardiac / circulatory insufficiency.  
7. Neonatal factors: severe neonatal hypoxia due to cyanotic 
congenital heart disease, persistent pulmonary hypertension of the 
newborn (PPHN), cardiomyopathy, other forms of neonatal 
carcinogenic and/or septic shock.  
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ADAPTATIONS TO HYPOXIA7 
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NEONATAL ENCEPHALOPATHY: 
Variety of events acts to predispose the newborn to have 
encephalopathy. These events may occur during the labour, or even 
before the onset of labour and may continue in the newborn period or 
may have onset in the newborn period itself and may cause neonatal 
encephalopathy. This condition may or may not be associated with 
seizures. Thus occurrence of seizure is not necessary for making the 
diagnosis of neonatal encephalopathy. 
 
ACOG 2003 states that “Children certainly may exhibit altered 
arousal and muscle tones, as well as seizures, without meeting the 
suggested criteria for HIE from intrapartum causes”.  The children can 
have abnormal neurological findings due to events occurring before birth 
like factors involving maternal, placental, or foetal diseases (Adamson et 
al, 1995). 
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TABLE- SHOWING OTHER CAUSES OF NEONATAL 
ENCEPHALOPATHY8 
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HYPOGLYCEMIA9 
Hypoglycaemia  according to Cornblath and Schwartz9, 1967; 
Milner,1972  is said to be present  “if  blood glucose levels of  less than 
20 mg/dL in preterm infants and in less term infants a value less than 30 
mg/dL”.  Sencor, 1973 stated that “No clear consensus exists concerning 
a direct cause and effect for hypoglycaemia with seizure occurrence”.  
 
Methods of glucose determination will affect the accuracy of the 
value9 i.e., point of-care blood sampling versus laboratory serum 
sampling. Because for every one hour of delay in analyzing the sample 
the blood glucose value falls by 18 mg%. Hence a two hour delay will 
cause false low value when there is actually no hypoglycaemia in the 
baby. Sometimes hypoglycaemia may be accompanied low calcium 
levels, craniocerebral injury, cerebrovascular abnormalities, and birth 
asphyxia, which results in seizures with much lower threshold.  Babies 
born to mothers with systemic illness like diabetes mellitus/gestational 
diabetes or pregnancy induced hypertension i.e.  IDM, IUGR 
Babies also are at risk for hypoglycaemia. This is more evident 
particularly for those who were not appropriate for gestational age like 
SGA babies. Hypoglycaemia generally manifests as Jitteriness, apnoea, 
and altered tone, but that does not mean these babies have seizure.       
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Griffiths and Laurence, 1974 found that “Cerebrovascular lesions 
in posterior brain regions have been reported in children who suffer 
hypoglycaemia”.  
 
Siemkowicz and Hansen, in 1978 based on studies in mature 
animals and Griffiths and Laurence, in 1974 in neonatal infants reported 
that “Increased vulnerability of brain to ischemic insults is seen when 
there is concomitant hypoglycaemia”. 
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HYPERBILIRUBINEMIA 
 
Neonatal jaundice with increased unconjugated  bilirubin levels 
need immediate attention as it has high chances of causing bilirubin 
encephalopathy or kernicterus. Kernicterus is manifested as poor feeding 
due to lethargy, initial hypotonia replaced later by hypertonia. Weak or 
abnormal Moro’s response, high temperature, seizures, coma, retrocollis 
and opisthotonus are the other associated findings. Preterm babies may 
have sudden apnoea ending fatally without any history of convulsions. 
 
Sugama et al, 2001 stated that “the imaging findings in kernicterus 
are most apparent on MRI, with hyperintensity at the posterior margin or 
throughout the globi pallid on T2-weighted sequences”. In HIE changes 
are noted in putamen and thalamus. In kernicterus the area involved is 
globus  pallidus. Recently, Johnston and Hoon, 2000 has suggested that 
“the high resting neuronal activity  in the globus pallidus might make it 
more vulnerable to less intense, subacute oxidative stresses from 
mitochondrial toxins such as bilirubin “ 
17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BILIRUBIN MOVEMENT IN KERNICTERUS10 
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INTRACRANIAL HAEMORRHAGES: 
 
Intracranial haemorrhages are seen more commonly seen in term 
asphyxiated and in preterm babies and the incidence of them have 
declined with the use of antenatal steroids, effective fluid management in 
asphyxiated babies. Obstructed labour, difficult instrumentation in 
vaginal delivery (forceps application, vacuum) has been associated 
uncommonly with traumatic intracranial bleeds11. Haemorrhagic disease 
of newborn is one another condition that can cause intracranial bleed. 
Clinically these babies present with bulging anterior fontanel, lethargy 
convulsions, unexplained anaemia and jaundice. Failure of correction of 
low haematocrit to blood transfusion should alert the paediatrician of 
intracranial bleeds. Intraventricular haemorrhages are detected using 
neuroimaging11. Progressive hydrocephalus and porencephalic cysts may 
develop in severe cases. 
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BIRTH ASPHYXIA: 
 
 A gold standard definition of birth asphyxia does not exist. It is 
probably better to use the term perinatal asphyxia since asphyxia may 
occur in utero, at birth or in the postnatal period. WHO has defined 
perinatal asphyxia as a “failure to initiate and sustain breathing at birth” 
The National Neonatal Perinatal Database (NNPD), 2000 used a similar 
definition for perinatal asphyxia. It defined moderate asphyxia as slow 
gasping breathing or an Apgar score of 4-6 at 1 minute of age. Severe 
asphyxia was defined as no breathing or an Apgar score of 0-3 at 1 
minute of age.1 
 
 
 
 
 
 
 
 
 
 
 
20 
 
 
 
As per the AAP (American academy of Pediatrics) and ACOG (American 
college of Obstetrics and Gynecology), all the following has to be present 
to give the term  
 
 Cord blood analysis showing high metabolic or mixed acedemia 
(pH< 7.00).   
 5 minute Apgar score of  0-3  
 Evidence of CNS insults in newborn like convulsions,poor tone, 
coma. 
 Multiple organ involvement e.g, intestinal, cardiac, renal, hepatic, 
pulmonary dysfunction . 
 
 Apgar scores are used to plan treatment in asphyxiated babies by 
protocols and to explain the prognosis and complications including 
impairments. 
 
 
 
 
 
 
 
 
21 
 
 
 
HISTORICAL REVIEW: 
 
Definition of birth asphyxia and its usage varied among the treating 
physicians, biochemists and pathologists. Dr. Eastman from the famous 
Hopkins used asphyxia “an infelicity of etymology” because the greek 
word   asphyxia literally meant “without pulse”. 
 
In 1861, Dr. William Little14 presented his paper stating “ a causal 
relationship between abnormal parturition and central nervous system 
damage”14.  Dr .Little mentioned that we may not appreciate the 
difference between apoplexy, asthenia and asphyxia, but circulatory 
failure or the shock was the cause of the central nervous system 
dysfunction noticed. The words “asphyxia neonaturum” and “suspended 
animation” were in use at that time. He compared appearance of these 
asphyxiated newborns  with the problems of an adult who had  drowning.   
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MULTIORGAN DYSFUNCTION OF ASPHYXIA: 
Perinatal asphyxia affects multiple organs and the features of the 
affected organ dysfunction slowly manifested clinically . no organ is 
actually spared.critical organ dysfunction leads to drastic worsening of 
the newborn’s vital parameters. Early detection of these dysfunction in a 
neonatal intensive care unit determines the morbidity and mortality. 
 
Late recognition of the critical organ dysfunction results in serious 
complications and may lead on to death. 
 
 In asphyxiated newborns kidney is the most commonly affected 
accounting for nearly 50%. CNS dysfunction seen in 28% of neonates 
with asphyxia. Heart and pulmonary complications are almost have equal 
frequency and each noticed in 25% of cases1 . 
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The severity of organ damage decides the prognosis drastically. 
Low calcium levels, low sodium levels and extremes of blood glucose 
levels are the commonly encountered metabolic derangements. The low 
sodium level may be due to direct renal damage or as a consequence of 
Syndrome of inappropriate anti diuretic hormone. Thrombocytopenia and 
24 
 
 
 
disseminated intravascular coagulation are the hematological disturbances 
commonly seen following asphyxia. 
 
Brain damage following perinatal asphyxia results in a condition 
described as Hypoxic ischemic encephalopathy (HIE) . This is of great 
concern to the treating pediatrician as the asphyxiated newborn may 
suffer from major neuromotor sequelae if the baby survives and 
discharged from hospital. 
 
Classification of hypoxic ischemic encephalopathy based on its 
severity is done in a detailed manner by  Sarnat  and Sarnat16 and is 
presented below as tabulation. 
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Mild (grade I) Encephalopathy: 
Hyperalertness , decreased threshold for all stimuli,easily elicted 
Moro reflex,staring look, seizures will not be there in this stage. 
 
 
Moderate (grade II )  Encephalopathy: 
Seizures are common. Lethargy, hypotonia, differential tone in 
upper and lower limbs. arms are relatively hypotonic than legs. 
 
 
Severe  (grade III) Enceophalopathy: 
No spontaneous movementscomatose, frequent and prolonged 
seizures, sometimes no seizure activity and isoelectric  EEG. 
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LEVENE’S CLASSIFICATION17: 
The grading of HIE by Sarnat and Sarnat is detailed but difficult 
one. A classification of HIE modified from Sarnat and Sarnat staging of 
hypoxia is the Levene’s classification. This being simplified for easy and 
immediate assessment of the stage of HIE by just assessing the important 
factors.This is in common practice in most of neonatal intensive care 
units. 
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CRITERIA FOR ORGAN DYSFUNCTION BY SHAH18 
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TRANSIENT MYOCARDIAL ISCHEMIA: 
 During asphyxia blood flow to myocardium is preserved but 
cardiac compromises do occur as a common complication of hypoxic 
ischemic injury. doppler ultrasound studies are useful in detection of 
cardiac dysfunction. 28 to 40 % of asphyxiated infants develop cardiac 
dysfunction19. Hypotension with cardiogenic shock, tricuspid 
incompetency, arrythmia and myocardial ischemia are the recognized 
complications. The later two are reconised by electrocardiograph. The 
tricuspid insufficiency is functional and secondary to  acute cardiac 
dilation.ST depression in the mid precordium and T wave  inversion in 
the left precordium. Echocardiographic findings include most commonly  
decreased left ventricular contractility, high ventricular end-diastolic 
pressures, tricuspid regurgitation ( due to papillary muscle ischemia) and 
pulmonary hypertension. In severe asphyxia, dysfunction more common 
affects the right ventricle. A fixed heart rate should alert about the  
possibility of clinical brain death. 
 
 
 
 
 
 
30 
 
 
 
CARDIOVASCUAR RESPONSE IN ASPHYXIA: 
 
 Decreased ventricular contractility and decline in cardiac output 
are the commonly seen changes in prolonged total or partial asphyxia. 
There is in addition to biochemical and radiological evidence of transient 
myocardial ischemia ,contractile dysfunction of heart is also noted20-22. 
Myocardium is depleted of  adenosine 5’phosphate (ATP) .this ATP 
depletion is the  major event leading to injury during and after ischemia. 
In TMI the neonate may present with variety of symptoms. The chid may 
have tachycardia , tricuspid valve insufficiency murmur, congestive  
cardiac failure, and in severe cases may have cardiogenic shock23. Due to 
decline in cardiac function the child may develop hypotension following 
an asphyxia24. 
 
 The neonatal heart has its own glycogen storage from which it 
glucose is derived by glycogenolysis. Experitemental data suggests that  
because of this nature the immature heart has capability to recover from 
short period of ischemia when compared to adult heart25. In the 
myocardium the contraction is initiated by the action of calcium on 
proteins. In the mature heart the source of calcium is that released from 
sarcoplasmic reticulum. The condition in newborn rats is different and 
they are found to be dependent on extra cellular calcium when compared 
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to adults. The   immature heart is thus less sensitive to ischemia 
compared to the heart of an adult, the reason being the substantial 
glycogen stores,improved anaerobic metabolism, better exchange of 
calcium during ischemia and increased amino acid substrate utilization26. 
Histological findings congestion, myocardial and subendocardial 
hemorrage  or necrosis, cardiomyopathy and infarction of the endocardial 
muscles leading to papillary muscle necrosis are noted  in neonates after 
asphyxia. 
 
 
HISTOLOGY: 
 
Cardiac muscle is involuntary striated muscle and is specific of 
myocardium. Cardiomyocytes or otherwise called as myocardiocytes are 
the cells that form heart musculature. These cells are characterized by the 
presence of single unique nucleus. Cardiac muscle has cross striations 
made of thick and thin protein filaments. Actin and myosin are the 
primary structural proteins of cardiac muscle similar in nature to skeletal 
muscle.Intercalated discs (IDs)  play a major role in connecting 
electrochemical synctium to hearts myocytes. Release of calcium to the 
sarcoplasm initiates contraction and reuptake of calcium produces 
relaxation. 
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Fig.1 Myocardium (longitudinal section): High power 
 
CARDIAC MUSCLE CONTRACTION 
Cardiac muscle contraction occurs by complex termed as 
regulatory unit. It comprises of Seven actin monomers and tropomyosin 
dimer in addition to one heterotrimericTroponin complex. Later 
consisting of Troponin C, Troponin I, and Cardiac TroponinX. .the seven 
actin monomers are from thin filament. Neighbouring tropomyosins 
interact among each other because of presence of sticky ends, and a 
thread, continuous of tropomyosin is seen in the groove of the actin helix. 
 
 The cycling interaction of myosin heads with actin causes sliding 
followed by muscle contraction.  A dissociated myosin head hydrolyzes 
ATP, releasing ADP and phosphate. 
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 Myosin heads move over actin, inorganic phosphate is released 
from the active site of myosin, and the angle is changed to 45° from 900. 
This creates the power stroke and the actin filament can slide against the 
myosin filament. The myosin head dissociates from actin after liberation 
of ADP from the active site and binding of a new ATP molecule, and the 
cycle continues. 
 
CREATINE KINASE MUSCLE BRAIN FRACTION: 
 Creatine phosphokinase (CPK) or phosphor creatine kinase is an 
enzyme expressed in many cell types. The EC 2.7.3.2 .  CK catalyses the 
formation of phosphocreatine and Adenosine-5’-diphosphate (ADP) from 
creatine by utilizing ATP. This reaction is a reversible one. 
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 At birth the CPK MB value will be 0.3 to 10.5 % of the CK. Value 
which ranges from 70 to 380 U/L. Hence the value above which the 
CPK-MB will be considered elevated  is 3.1 multipled by the upper limit 
of normal  i.e 380 U/L ,divided by 100 which gives 11.78 U/L.   
Simillarly at  24  hrs the CPK-MB value will be 5% of 1200 U/L , which 
equals to 60 U/L. Therefore any value of CPK MB at 24 hours above 60 
U/L is elevated.. 
 
 At 72 hours of life, CPK-MB value above  39.15 U/L is elevated 
and considered above cut off value. 
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History of  biochemical marker usage in myocardial injury 
 
Time Period Marker 
Late 1950s 
 
Aspartate-amino-Transferase 
 [AST, SGOT] 
1960s 
 
Creatine Kinase [CK, CPK] 
1970s Creatine Kinase isoenzyme muscle brain 
fraction 
 [CK-MB activity] 
1970s Lactate –dehydrogenase-isoenzymes [ratio of 
LDH1 to LDH2] 
Late 1980s 
 
Creatine Kinase-MB mass concentration 
Mid 1990s 
 
Troponin I, Troponin T 
 
 
 In 1985 Primhak et al observed in his study that “CK MB values 
peaked at 8 hours and fell by 72 hours of life”. The study involved 
asphyxiated ( n=20)neonates  and normal ( n=43) neonates.  Absolute and 
percentage CK MB Values were higher in babies with asphyxia.28 
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Sanchez-Nava et al showed in 1990 that among asphyxiated babies 
had raised AST, ALT and LDH 29. 
 
In 1991 Omokhodion SI et al analysed creatine kinase and CK MB 
activities in first hundred hours of life in 23 perinatally asphtxiated 
newborns and 12 healthy controls. He observed that the asphyxiated 
infants had significantly elevated mean ck and absolute CKMB but not in 
fractional Ck MB values. Peak mean CK and CK mB values were 
789.17±220 U/L, P less than 0.01 and 16.36± 3.0 U/L, P less than 0.001 
respectively at the 6 to 8 postpartum period. On the other hand healthy 
controls showed a steady decline in the activities of these enzymes from 
birth30. 
 
Fonseca E et al in 1995 stated that “fetal distress in antenatal 
period is associated with release of CK BB, and particularly CK MB ; 
therefore, these parameters may be used as biochemical markers that may 
indicate either brain or myocardial damage”.31 
Lackmann et al concluded in 1996 that “newborn infants with 
asphyxia have significantly higher values of AST, LDH and 
hydroxybutyrate compared to neonates with only RDS, and presence of 
RDS among asphyxiated neonates did not alter the enzyme levels.”32 
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In 1999 Barberi et al reported that “CK, CK MB ,CK MB/CK ratio 
and LDH were all increased in an asphyxiated group, while in a group 
with respiratory distress only CK MB and the CKMB/CK ratio were 
abnormal”.33 
 
Primhak et al in 1985 and in 2000 Tapia-Rombo et al have shown 
in their studies what a high incidence of ischemic electrocardiographic 
changes, elevated blood cardiac enzyme levels and low cardiac output in 
neonates after intrapartum asphyxia.34 
 
In 2000 Karunatilaka DH et al conducted a study in sri lanka to 
identify those infant s at risk of developing HIE or a major handicap 
following perinatal asphyxia by determining CK alone or in combination 
with LDH.analysis showed both CK and LDH were raised but only raised 
CK levels correlated with long term outcome.35 
 
In 2005, Boo NY et al showed that at birth , asphyxiated infants 
had significantly higher concentrations of cTnT and CK MB than 
controls.36 
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In 2008 Reddy et al concluded that raised LDH had 100% 
sensitivity, while CK MB had 100% specificity for asphyxia.37 In 2008 
Rajkumar PS et al found that the cardiac enzymes, cTnT and CK MB 
were significantly elevated in cases when compared with controls.the 
mean CK MB levels among cases and control s were 121±77.4 IU/L and 
28.8±20.2 IU/L respectively. The specificity and sensitivity of CK MB 
were 56.5% and 75.7%  respectively.38 
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Electrocardiograph: 
Serial electrocardiograms and creatine kinase (CK) isoenzyme 
activities were studied prospectively in 20 asphyxiated term newborn 
infants and 43 normal neonates. By adapting a previously described 
grading system for ischaemic changes, a degree of electrocardiographic 
ischaemia was defined which occurred almost solely in asphyxiated 
infants. Infants with this degree of abnormality had significantly higher 
mean CK-MB and MM activities than other asphyxiated infants at 0, 8 
and 28 hours. Histological changes of peripartum myocardial necrosis 
were seen in 4 of the 5 infants on whom an autopsy was performed, and 
either electrocardiogram or CK-MB was abnormal in all four. It is 
concluded that myocardial injury in the newborn period is often 
associated with CK-MB release, but in view of the lack of cardiac-
specificity of CK-MB in newborn infants, caution is urged in the 
interpretation of elevated isoenzyme activity in the neonate.  
 
 
 
 
 
 
 
 
 
 
 
 
40 
 
 
 
Perfusion index: 
Newer pulsoximeters are able to measure and display the perfusion 
index. These indexes are shown to be a valuable tool to show serious 
illness in newborn. The perfusion index changes according to the 
sympathetic discharge, pain stimulus and in specific to decreased 
peripheral perfusion. Measurement of SpO2 by pulsoximeter is based on 
the absorption of two different lights. For this purpose red lights 
represented as R and infrared lights represented as IR are produced using 
LED technology in a pulsoximeter. Emitter provides these lights and is 
absorbed by blood,tissues and skin inbetween. The remaining is absorbed 
by the photodector on the opposite side. Blood flow varies with systole 
and diastole and hence the blood volume in the tissues. The ratio of light 
that is absorbed by the photodetector during these two phases of blood 
flow is converted to the oxygen saturation measurements. 
 
PI is measured by dividing the variable or pulsatile IR signal (AC) 
by the nonpulsatile or constant  IR signal (DC) and multiplied by 100. 
The IR signal has the advantage of being minimally affected by the 
oxygen saturation and hence is used in calculation of perfusion index. 
 
                                  
 
PI = {AC/DC} x 100 
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Echocardiography: 
The role of two-dimensional Doppler - echocardiography is 
emphasized in establishing the diagnosis. Tricuspid insufficiency due to 
perinatal asphyxia can be detected easier by ultrasound than by any other 
cardiac examination. Cardiac failure as a result of hypoxic myocardial 
ischemia is usually reversible and responds well to anticongestive 
treatment and administration of oxygen. On the other hand some cases 
can be fatal, histopathologic examination on the heart shows similarity to 
myocardial infarction. 
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ASSESMENT OF FETAL WELL BEING: 
Fetal well being during labour and following delivery is being 
assessed in many ways. These include observing for the passage of 
meconium, electronic fetal heart rate monitoring via a cardiotocograph 
(CTG), Apgar score and the assessment of fetal acid base balance. 
 
MECONIUM STAINING OF AMNIOTIC FLUID: 
Heavy or thick meconium staining is considered a reliable marker 
of more prolonged or severe asphyxia episodes. Approximately 15 % of 
all labours there is a meconium staining. Meconium staining is present 
during labour in 11% of full term pregnancies where there is no evidence, 
other than the meconium, of asphyxia. However data suggests that only 
0.4% of term infants with meconium staining during labour subsequently 
had cerebral palsy.Richey et al found no correlation between meconium 
stained amniotic fluid and lab parameters suggestive of Acute birth 
asphyxia (umbilical arterial pH , lactate and hypoxanthine). 
 
This sign is poorly predictive of adverse outcome and in one study, 
more than half of infants who had early neonatal seizures ( a possible 
indicator of  intra partum asphyxia ) showed no evidence of meconium 
staining.  Additionally, if cerebral palsy is considered as the final state of 
a major asphyxia event in the perinatal period, then 99.6% of normal birth 
weight infants with meconium staining had no evidence of this condition. 
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ELECTRONIC FETAL MONITORING (EFM): 
Continuous electronic fetal monitoring is widely accepted and used 
despite the fact it has not been shown to reduce perinatal mortality or 
asphyxia relative to auscultation by trained personnel but has increased 
the incidence of operative delivery.these monitors simultaneously record 
uterine activity and FHR for ongoing evaluation. 
 
The following parameters of fetal monitoring   are recorded and 
avaluated: 
 Baseline heart rate - normal between 110 and 160 beats in a 
minute(bpm).This baseline value must be apparent continuously for a 
period of 2 minutes in any segment for a stretch of 10 minute . Fetal 
bradycardia is defined as a FHR < 110 bpm may result fromcongenital 
heart block  with associated congenital heart malformations or 
maternal systemic lupus erythematosus. Baseline tachycardia defined 
as FHR >160 bpm and may result due to fetal dysrhythmia, 
hyperthyroidism, maternal fever or choioamnionitis. 
 
 Beat-to-beat variability: in an awake term fetus the autonomic system 
constantly varies the fetal heart rate from beat to beat by 
approximately 5 to 25 beats /minute. Depression of the fetal central 
nervous system due to fetal immaturity, hypoxia, fetal sleep or specific 
44 
 
 
 
maternal medications such as narcotics, sedatives, beta blockers and 
magnesium sulphate injections may result in a reduced beat to beat 
variability. 
 
 Accelerations of the FHR are reassuring , as they are during a non 
stress test(NST) 
 
 Decelerations o the FHR  may be benign or indicative of fetal 
compromise depending on the shape and timing in relation to 
uterine contractions. 
 Early decelerations 
 Late decelerations 
 Variable decelerations 
 
 
A normal fetal heart rate trace in labour appears to be a good 
indicator that metabolic acidosis is not developing, but a severly 
abnormal trace with late decelerations in the fetal heart rate is associated 
with significant fetal acidosis in only about 50% of cases. A recent 
Cochrane review showed that there was a statistically significant 
reduction in neonatal seizures when EFM had been used, but no 
protective effect for 1 min apgar scores, rate of admission to neonatal 
units, perinatal death or cerebral palsy. 
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APGAR SCORE: 
Apgar scores are a method  of describing the condition of an infant 
at birth, originally described by Virginia Apgar. Heart rate, respiratory 
efforts ,tone, reflex activity and colour a score is established at 1 min and 
then at 5 min intervals as necessary (maximum score 10). (table 10 ). 
 
 
The ICD -10 definition of birth asphyxia is dependent on the 1 
minute-Apgar score.  The 1 minute-Apgar score is the scoring done to the 
newborn exactly 1 minute after birth. 1 minute -Apgar score at of 0-3 
defines severe birth asphyxia and an Apgar score of 4-7 indicates 
moderate asphyxia. There is much debate as to whether  this definition is 
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of clinical use. More specifically with regard to prognosis, Apgar scores 
in individual cases do not appear to correlate well with outcome and 
hence are frequently interpreted incorrectly from a view of long term 
prognosis. Defining birth asphyxia by Apgar score is however useful in 
identifying a high risk group requiring further observation of their 
neurological conditions with an understanding that it overestimates eight 
folds the scale of the problem. A low Apgar score may be due to various 
other conditions, like maternal. Drug administration in labour and or due 
to immaturity of the baby.  
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The 1-minute Apgar score reflects the need for immediate 
resuscitstion the 5-minute score, and  particularly the  change in score  
between 1 and 5 minutes, is a useful index of the effectiveness of the 
resuscitative efforts taken. The 5-minute Apgar score also has prognostic 
significance for neonatal survival, because survival is related closely to 
the condition of the infant in the delivery room.   
 
The Apgar scoring was created not for the purpose of predicting 
prognosis. Cerebral palsy children had normal Apgar score at birth and  
the incidence of cerebral palsy is low in infants with Apgar scores of -3 at 
5 min ( but higher than in  infants with  Apgar scores of 7-10). The Apgar 
score and umbilical artery blood pH both predict neonatal death. An 
Apgar score of  0-3 is uncommon but is a better predictor of neonatal 
death (in both preterm and term infants) than an umbilical artery pH of 
7.0 or less ; the presence of both variables increases the relative risk of 
neonatal mortality in term and preterm infants.39 
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LONG TERM OUTCOME: 
Among the infants who survive severe HIE, the sequelae include 
mental retardation, epilepsy, and cerebral palsy of varying degrees. The 
latter can be in the form of hemiplegia, paraplegia, or quadriplegia. Such 
infants need careful evaluation and support. They may need to be referred 
to specialized clinics capable of providing coordinated comprehensive 
follow-up care.ent strategy. The incidence of long-term complications 
depends on the severity of HIE. Up to 80% of infants who survive severe 
HIE later in life develop serious complications, 10-20% develop 
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moderately serious disabilities, and up to 10% are normal. Among the 
infants who survive moderately severe HIE, 30-50% may suffer from 
serious long-term complications, and 10- 20% with minor neurological 
morbidities. Babies who had from mild HIE tend to be free from any 
serious CNS complications. 
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4. MATERIALS AND METHODS 
 
STUDY DESIGN: 
  Hospital based prospective study. 
 
STUDY POPULATION:  
All term neonates with features of encephalopathy admitted in sick 
neonatal ward of Government Tirunelveli medical college Hospital for a 
period of 8 months between January 2014 to august 2014 will be 
included.  
 
METHODOLOGY: 
All neonates included will be evaluated clinically and with chest x 
ray, biochemical analysis, microbiological analysis, neurosonogram for 
cause  and outcome recorded as discharged or expired. 
 
Term neonates who had suffered perinatal asphyxia and developed 
HIE will be enrolled for evauation of transient myocardial ischemia of 
birth asphyxia based on the inclusion and exclusion criteria given below. 
 
Myocardial involvement will be assessed by clinical evaluation, 
CXR, ECG, Echocadiography ( based on feasibility of transportation and 
vitals stability)and CPK MB assay. 
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INCLUSION CRITERIA: 
 
Babies admitted in the hospital with evidence of asphyxia indicated by 
any three of the following: 
 
(i) APGAR <3 at 5 minutes.  
(ii) fetal heart rate < 60/min 
(iii) Meconium stained amniotic fluid  
(iv) need for positive pressure ventillation for >1 min                                 
 
EXCLUSION CRITERIA: 
 
 Preterm babies,    
 Neonates with congenital malformation, 
 Neonates mothers who would have recieved magnesium sulphate 
injection within 4 hours prior to delivery or recieved opioids 
(pharmacological depression) or any other form of sedation. 
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STUDY PROTOCOL:    
   After written consent from parents, all the neonates included in 
study had the following done: 
 
Detailed maternal history, details of meconium staining of amniotic 
fluid, birth events, APGAR score, Sex and weight of the baby recorded. 
Gestational age of baby assessed by New Ballard scoring system. 
Detailed clinical and neurological examination will be done. Non-
invasive blood pressure, perfusion index using pulsoximetry will be 
measured. 
 
Serum creatine phospho kinase MB assay will be done at birth, 24 
hours and at 72 hours. Chest x ray will be taken to assses cardiomegaly, 
electrocardiography and where possible echocardiography based on 
transportability of newborn will be done.  
 
Treatment as per existing institutional protocol will be given.  
Requirement of fluid boluses and duration inotrope support recorded.  
Outcomes of the disease recorded and analysed with details recorded. 
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STATISTICAL ANALYSIS: 
Various causes, presentations of neonatal encephalopathy, methods used 
for diagnosis and outcome measured. CPK-MB assay along with ECG 
and clinical evaluation will be analysed to detect the relationship with 
HIE and death. 
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 PRETERM 
 
 
TERM 
 
 
 
 
 
 
                                                                                                                
                                                                                                            NO                                                            
 
 
                                                                                                                                                  YES       
                                                                                                                                                                         
 
 
 
 
 
 
Neonates with encephalopathy  
1.altered tone 2.lethargy, 3.seizures 
Registered  for 
the study 
NOT  
willing Maternal 
history 
BIRTH ASHYXIA 
THICK MSAF 
FETAL BRADYCARDIA 
LOW APGAR SCORE 
PPV > 1 MIN 
BLOOD GLUCOSE 
SERUM BILIRUBIN 
SERUM CALCIUM 
USG CRANIUM 
BLOOD CULTURE 
CSF ANALYSIS 
SERUM 
GLUCOSE < 45 
mg% 
HYPOGLYCEMIA 
BILIRUBIN 
ENCEPHALOPATHY 
SBR VERY HIGH 
USG CRANIUM 
MALFORMATIONS, IVH,IC 
HAEMORRHAGE 
CSF ANALYSIS, 
BLOOD  C/S- 
POSITIVE.SEPSIS, 
MENINGITIS 
HIE FOR TMI 
EVALUATION  
NEONATES 
ADMITTED     IN   
 
GESTATIONAL   AGE  
BY NEW BALLARD 
 
NOT INCLUDED 
FOR STUDY 
CONSENTING 
STUDY PROTOCOL 
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CXR-Cardiomegaly, 
ECG-Ischemia, 
ECHO-poor contractily, 
TR due to papillary 
muscle necrosis 
CPK-MB ASSAY  at 
birth, 24 Hrs & 72 Hrs 
Clinical shock 
with Inotrope 
requirement, 
New Systolic 
murmur, 
Perfusion index 
from 
pulsoximetry, 
TRANSIENT MYOCARDIAL ISCHEMIA - EVALUATION 
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COLLABORATING DEPARTMENTS: 
Departments of Biochemistry, Microbiology, Obstetrics, 
Radiology, Cardiology and Pathology; Tirunelveli Medical College, 
Tirunelveli. 
 
 
LIMITATIONS OF THE STUDY: 
Echocardiography is considered as the gold standard test for 
assessing myocardial dysfunction but it was not done in all the HIE 
babies for evaluation of TMI. 
 
STATISTICAL ANALYSIS : 
            Data   was  entered into an  Excel Spreadsheet and analysed using 
SPSS Version 16. Using this software, frequencies, percentages, means, 
standard deviations, chi square  test, paired t test, unpaired t test 
correlation were applied.. A 'p' value less than 0.05 is considered 
significant. 
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5. OBSERVATIONS AND RESULTS 
 
PREVALENCE OF NEONATAL ENCEPHALOPATHY: 
 
 
 
During the study period total admissions in sick neonatal ward was 
1821 newborns. In this term babies with features of neonatal 
encephalopathy was 70 newborns. 
 
   The percentage of neonatal encephalopathy cases among the total 
admission is 3.84%. 
 
 
1821
70
Newborn Cases
total admission
neonatal encephalopathy
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SEX WISE DISTRIBUTION 
 
 
 
 
 
 
 
 
3535 MALE
FEMALE
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TABLE:14 
 
S.NO SEX 
NEONATAL ENCEPHALOPATHY 
CASES      (n=70) 
1. BOY BABY 35 
2. GIRL BABY 35 
 
 
 Among the 70 cases of neonatal encephalopathy  35 newborns 
were male and 35 were female. Both sexes having 50% contribution. 
Thus indicating no sexual  
 
 
 
 
 
 
 
 
61 
 
 
 
PLACE OF BIRTH IN NEONATAL ENCEPHALOPATHY:  
 
INBORN AND OUTBORN : 
 
 
Figure 1 PLACE OF BIRTH 
 
Among the 70 cases of neonatal encephalopathy, 40 babies were 
inborn (babies delivered in TVMCH) and 30 babies were out born (place 
of birth is not TVMCH, babies delivered either in PHC, Government 
hospitals, private nursing home, transit deliveries). 
 
 
 
40
30
NE CASES
INBORN
OUTBORN
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Table 15: PERCENTAGE OF INBORN AND OUTBORN CASES 
 
S.NO 
PLACE OF 
BIRTH 
NE CASES (n=70) FREQUENCY 
1. INBORN 40 57.14% 
2. OUTBORN 30 42.85% 
 
 
Total number of term neonates with neonatal encephalopathy were 
70. Number of babies with place of birth in TVMCH were 40, which 
account for 57.14%.  The remaining 30 babies were outborn , having  
place of birth outside TVMCH. They account for 42.85% of the cases. 
The higher percentage of inborn newborn accounting for neonatal 
encephalopathy may be due to the presence of maternal risk factors and 
hence referral to tertiary institute before or during labour. 
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CAUSES OF NEONATAL ENCEPHALOPATHY: 
 
 
 
 
Among the term babies admitted in sick newborn ward, babies with 
features of neonatal encephalopathy were 70. Among the 70 newborn 
babies with neonatal encephalopathy, etiology were evaluated. 65 
newborns had features of hypoxic ischemic encephalopathy, 2 newborns 
had hypoglycemia, 2 had intraventricular haemorrhage and 1 case was 
due to billirubin encephalopathy. 
 
 
 
HIE
HYPOGLYCEMIA
IVH
BILIRUBIN 
ENCEPHALOPATHY
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Table 16: ETIOLOGY OF NEONATAL ENCEPHALOPATHY 
 
 
The HIE accounts for 92.8% of the neonatal encephalopathy cases 
admitted in our study period. The intraventricular hemorrhage and 
hypoglycemia each account for 2.8% (  both having 2 cases each).  1 case 
of bilirubin encephalopathy accounted for the remaining 1.4%. 
 
 
 
 
 
 
S.NO CAUSES 
NO. OFBABIES 
(n=70) 
Frequency 
1. HIE 65 92.8% 
2. HYPOGLYCEMIA 2 2.8% 
3. 
INTRAVENTRICULAR 
HAEMORRHAGE 
2 2.8% 
4. 
BILIRUBIN 
ENCEPHALOPATHY 
1 1.4% 
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MODE OF DELIVERY IN HIE: 
 
 
 
 
 65 newborns had features of HIE. In this 65 babies 34 babies where 
born by labour natural with or without episiotomy. 19 babies delivered by 
lower segment cesarean section. 8 babies delivered by forceps assisted 
vaginal delivery. For 2 babies the mode of delivery was vaccum assisted 
vaginal delivery. Breech delivery was done in 2 other babies. 
 
 
0 10 20 30 40
LN
LSCS
FORCEPS
VACCUM
BREECH
HIE
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       Table:17 MODE OF DELIVERY-PERCENTAGE  
 
 
 
 As shown in the above tabulation, labour natural was the mode of 
delivery in 52.3% of newborns with HIE.  19 newborns delivered by 
Cesarian section and they account for 29.23%. 8 babies were delivered by 
forceps assisted vaginal delivery and they accounted for 12.3%. vaccum 
and breech deliveries were seen in 2 babies and they independently 
account for 3.07%. 
 
S.NO 
MODE OF 
DELIVERY 
No. OF HIE 
CASES 
(n=65) 
FREQUENCY 
1. LABOUR 
NATURAL 
34 52.30% 
2. LSCS 19 29.23% 
3. FORCEPS 8 12.3% 
4. VACCUM 2 3.07% 
5. BREECH 2 3.07% 
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CHEST- X RAY FINDING IN HIE CASES: 
 
 
 Chest x ray  was normal in 25 babies with HIE. Cardiomegaly was 
the finding in 27 babies affected by HIE. Hyperinflated lungs was noticed 
in  9 mnewborns with HIE.  Ches x ray of 4 newborns had features of 
meconium aspiration syndrome and air leak syndrome. 
 
 
 
 
0 10 20 30
NORMAL
CARDIOMEGALY
HYPERINFLATION
MAS
HIE CASES
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TABLE:18    CHEST X RAY  FINDINGS IN HIE CASES 
 
S.NO CXR FINDING 
HIE CASES 
(n=65) 
PERCENTAGE 
1 NORMAL 25 38.46% 
2 CARDIOMEGALY 27 41.54% 
3 
HYPERINFLATED 
LUNGS 
9 13.84% 
4 
MAS/AIR LEAK 
SYNDROME 
4 6.15% 
 
 
 Cardiomegaly is seen in 41.54% of newborns with HIE suggestive 
of cardiac dysfunction. 25 newborns had normal heart and lungs in chest 
x ray accounting for 38.46%. hyperinflated lungs in 13.84% and MAS/ 
air leak syndrome in 6.15% accounts for the remaining. 
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ECG FINDINGS IN HIE: 
 
 
 45 out of total 65 newborns had normal ECG. They did not have 
any changes suggestive of ischemia. T wave inversion was noticed in 
ECG of 14 babies. ST segment depression was there in ECG of 6 
newborns with HIE. These 2 ECG findings were suggestive of 
myocardial ischemia. 
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TABLE:19  ECG FINDINGS IN HIE CASES 
 
S.NO ECG FINDING HIE CASES(n=65) percentage 
1. NORMAL 45 69.23% 
2. 
T WAVE 
INVERSION 
6 9.23% 
3. ST DEPRESSION 14 21.53% 
 
 
 Among the 65 cases with HIE evaluated ECG, 69.23% neonates 
had normal study. 6 neonates accounting for  9.23% of HIE affected 
neonates had T wave inversion in left precordial leads and 21.53 % ( 14 
cases)  had ST depression in midprecordial leads. 
 
 As both these changes indicate cardiac ischemia and they together 
account for 30.76%. Thus ECG positive finding is seen in nearly 31% of 
asphyxiated newborns. 
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ECHO FINDINGS IN HIE CASES: 
 
 
 
 Among the total 65 cases of HIE, echocardiography was  taken in  
18 babies. 
 
 12 babies were reported as normal heart without any structural or 
functional abnormality by the cardiologist. One baby had both tricuspid 
regurgitation and decreased left ventricular contractility. Three babies had 
TR alone and two other babies had decreased left ventricular contractility 
alone.  
 
Thus the total cases with positive echocardiographic finding for 
ischemia are 6. 
12
3
4
NORMAL STUDY
Decreased left ventricular 
contractility
Tricuspid Regurgitation
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Table: 20  ECHO FINDINGS IN HIE CASES: 
 
S.NO ECHOCARDIOGRAPHIC 
FINDINGS 
HIE CASES 
(n=18) 
Percentage 
1 Normal study 12 66.67% 
2 
decreased left ventricular 
contractility 
3 16.66% 
3 
elevated ventricular end-diastolic 
pressures 
0 
 
0 
4 
Tricuspid regurgitation 4 
 
22.22% 
5 
pulmonary hypertension  
0 
0 
 
 
 66.6 % of babies who underwent echocardiographic test had normal 
study. Tricuspid regurgitation is the commonest finding in 
echocardiogram  seen in 22.22%  ( 4 babies ). 
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INTRAPARTUM EVENTS in HIE CASES:
 
 
Meconium staining of the amniotic fluid is the commonest 
intrapartum event. It is  seen in  40 babies with HIE. Cord around neck 
noticed in 6 babies. Cord prolapse complicated labour in delivery of 2 
babies. Obstructed labour occurred in delivery of 5 babies, whereas 12 
babies had no adverse intrapartum events. 
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Table:21 INTRAPARTUM EVENTS in HIE CASES 
 
S.NO 
INTRAPARTUM 
EVENTS 
HIE CASES 
(N=65) 
PERCENTAGE 
1. MSAF 40 61.53% 
2. CORD AROUND NECK 6 9.23% 
3. CORD PROLAPSE 2 3.07% 
4. OBSTRUCTED LABOUR 5 7.69% 
5. UNEVENTFUL 12 18.46% 
 
   
History of MSAF occurred in 61.53% of  HIE  babies. Cord 
prolapsed and cord around the neck together accounts for nearly  13% of 
HIE affected babies. 7.69% of babies had history of obstructed labour in 
there  birth history. 18.46% of HIE babies had any of the intrapartum 
events. 
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TABLE:22  OUTBORN BABIES – BIRTH PLACE 
 
 
Among the outborn babies nearly 55% of the babies are from 
Government hospitals. PHC’s  account for 22.72% of cases. The 
remaining 22.7% of cases are from private nursing homes. 
 
 
 
 
 
 
 
S.NO 
PLACE OF 
BIRTH 
HIE 
CASES 
DEATH 
PERCENTAGE 
contribution 
1 GH 15 12 54.54% 
2 PHC 7 5 22.72% 
3 PRIVATE 
HOSPITALS 
8 5 22.72% 
TOTAL REFERRAL 30 22 100% 
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COMPARISON OF OUTCOME AMONG REFERRAL CASES 
 
The chart shows number of babies referred from PHC, GH, private 
nursing homes along with corresponding number of deaths. 
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DURATION OF HOSPITALISATION AS INDICATOR OF 
MORBIDITY AND MORTALITY 
 
IN DISCHARGED N.E CASES: 
 
 
Maximum number of babies discharged after 6 to 10 days of 
hospitalization. Only 3 babies were discharged after 15 days of 
hospitalization . It accounts for 15% of the total discharged cases ( 3 out 
of 20 cases) 
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IN EXPIRED N.E CASES: 
 
 
 
As shown in the graph, 4 outborn babies and 9 inborn babies 
expired within 24 hours of life. Maximum number of deaths (80%) 
occurred in the first 5 days in other words, 40 out of total 50 deaths 
happened in the first 5 days of hospitalization. 
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STATISTICAL ANALYSIS: 
 
In Independent Samples Test, By applying Levene's Test for Equality of 
Variances  and t-test for Equality of Means the relation between the 
following variables are assessed and interpretations are given. 
 
Relation bw NE and gender 
Interpretation 
 
There is no significant difference in the occurrence of NE  between male 
and female subjects and thus, there is no relationship between NE and the 
gender. 
 
NE and primi 
Interpretation 
 
There is no significant difference in the occurrence of NE in the PRIMI 
and MULTI mothers and thus, there is no significant relationship between 
the NE and the PRIMI factor. 
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NE and labour natural vs LSCS vs assisted 
delivery(forceps,vaccum,breech) 
 
Interpretation 
 
a) There is no significant difference in the presence of NE and  LSCS  
and instrumentation deliveries . Thus, there is no relationship 
between the NE and the LSCS  or assisted delivery methods. 
 
b) There is a significant relationship between the presence of NE in 
those who underwent natural labor and those who did not undergo 
natural labor. Those who underwent natural labor are more likely 
to have NE than those who did not undergo natural labor. 
 
BIRTH weight and FD 
Interpretation 
 
There is no significant difference in the birth weight of  the babies 
with and without fetal distress.  
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Birth weight and death 
 Interpretation 
 
There is a significant difference in the birth weight of the babies 
those died and those did not die. The birth weight of the babies that died 
are less than those that did not die. 
 
Relationship between the presence of NE and the death of the subject 
Interpretation 
 
Among the different NE cases, the cases with HIE3 are more likely 
to result in death than the causes that have other NE. 
 
Relationship between PI and shock 
Interpretation 
 
According to the chi-square test, there is a significant association 
between the low PI and the occurrence of shock, but there is no 
significant association between the normal PI and the occurrence of 
shock. The cases with low PI are more likely to have shock than those 
without low PI. There is no significant difference in the occurrence of 
shock between the cases with and without normal PI. 
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Relationship between ECG output and the outcome 
Interpretation 
 
There is a significant difference in the outcome between the cases 
with and without negative ECG findings. The cases with negative ECG 
findings are more likely to be discharged than those without negative 
ECG findings. 
 
Correlation between the APGAR score and the outcome 
Interpretation 
 
By using pearson correlation,an increase in the score at 10 mins 
would increase the chance of discharge by 28%  and an increase in the 
score at 15 mins would increase the chance of discharged by 43.8% There 
is no significant correlation between the discharge of the subject to the 
score at 1 min and 5 minutes. 
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CORRELATION OF HIGH CPK-MB VALUE WITH OTHER 
TESTS: 
 
A. Relationship between CPK MB HIGH  score and shock 
Interpretation 
 
 The cases with high CPK MB 24 hours are more likely to have 
shock than those without high CPK MB 24hours value. The other CPK 
values are not related to the shock occurrence. 
 
B. Relationship between low PI and CPK MB HIGH value 
Interpretation 
 
  There is a significant difference in the occurrence of high 
CPK value at 24 hours and 72 hours in those with and without low PI. 
The cases with low PI are more likely to have high CPK value at 24 
hours and 72 hours. CPK value at birth has not significant difference 
in the cases with and without low PI. 
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C. CPK-MB  value and cardiomegaly 
Interpretation 
 
 There is no difference in the high CPK-MB value at birth for those 
with and without cardiomegaly. The cases with  cardiomegaly is more 
likely to have high CPK-MB value at 24 hours and 72 hours than in the 
cases without cardiomegaly. 
 
D. CPK-MB value and the negative ECHO findings 
Interpretation 
 
 There is a significant difference in the presence of negative ECHO 
findings in those with and without high CPK-MB value. The cases with 
high CPK-MB value are less likely to have a negative ECHO finding. 
 
Since the variable used is negative ECHO, the analysis is changed to 
show that high CPK-MB value are less likely to have a negative finding. 
So, on the converse, those with high CPK-MB value are more likely to 
get positive ECHO findings. 
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E. Relationship between CPK-MB value and ECG output 
Interpretation 
 
There is a significant difference in the occurrence of positive ECG 
output between the cases with and without high CPK-MB values. The 
positive ECG findings are more likely to be found in the cases wit high 
CPK-MB value at birth, 24 hours and 72 hours; than those who do not 
fall under these categories. 
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RELATION BETWEEN CPK-MB AND LOW PI: 
 
 
 
TABLE:23 
 LOW PI NORMAL  PI 
CPK-MB HIGH 
34 0 
94.44% 0 % 
CPK-MB  LOW 
2 31 
5.55 % 100% 
  
As seen from the tabulation 94.44 % of babies with low PI had 
high CPK-MB values. 
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ALL CAUSES DEATH AMONG INBORN AND OUTBORN: 
 
 
 
During the study period of January 2014 to august 2014, out of the 
total 1821 admissions in sick neonatal ward, 230 cases expired due to all 
cause. 
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TABLE: 24 ALL CAUSES DEATH AMONG INBORN AND 
OUTBORN: 
 
S.NO 
PLACE OF 
BIRTH 
NEWBORN 
EXPIRED  ( n=230) 
PERCENTAGE 
1 INBORN 121 52.6% 
2 OUTBORN 109 47.4% 
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COMPARISON OF  ALL CAUSE DEATH IN INBORN AND 
OUTBORN 
 
 
 
The above chart shows 121 cases expired out of total 1122 inborn 
babies admitted during the study period. In the outborn babies 109 babies 
died of all causes among the 699 admitted. 
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COMPARISON OF DEATH RATE AMONG INBORN AND 
OUTBORN: 
 
TABLE:25 
 
S.NO 
PLACE OF 
BIRTH 
ADMISSION 
(n=1821) 
DEATH 
(n=230) 
PERCENTAGE 
OF DEATH 
1 INBORN 1122 121 10.78% 
2 OUTBORN 699 109 15.59% 
 
 
The above table shows that the death rate among inborn babies is 
10.78% whereas the same figure in outborn babies is 15.59%. 
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Survival rate in NE: 
Among the 70 cases admitted with neonatal encephalopathy, 50 
babies expired and 20 discharged (including 1 baby discharged against 
medical advice). The survival rate among the neonatal encephalothy 
affected babies in our neonatal unit is 28.57 %.  
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ETIOLOGY WISE DEATH IN NEONATAL 
ENCEPHALOPATHY: 
 
 
 
The above bar diagram shows the causes of neonatal 
encephalopathy and there mortality rate. In HIE 49 out of 65 babies 
admitted expired (75.4%). No death in encephalopathy cases due to 
hypoglycemia.  Two other babies with intraventricular haemorrhage were 
also discharged alive. One case of bilirubin encephalopathy admitted on 
day 7 of life had clinical  improvement but later developed sepsis and 
expired. 
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TABLE:26 ETIOLOGY AND DISEASE WISE MORTALITY 
 
 
Shock and respiratory failure are the two major complications in 
HIE cases representing 46.15%  and 44.6% respectively. While the 
respiratory failure caused death in 82.75% of the newborns having severe 
respiratory distress, the cardiac dysfunction resulted in 56% of the cases. 
Sepsis complicated with NNEC, AKI have increased the mortality rate. 
                        
 
 
 
 
 
S.no DIAGNOSIS Cases(n=65) Percent Death(n=49) % 
1 Shock 30 46.15% 17 56.66% 
2 Respiratory 
failure 
29 44.61% 24 82.75% 
3 Septicemia 8 12.30% 8 100% 
4 AKI 1 1.53% 1 100% 
5 NNEC 1 1.53% 1 100% 
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6. DISCUSSION 
 
Neonatal encephalopathy is a common condition in a neonatal 
intensive care unit. As discussed in literature, birth asphyxia (HIE) is 
the most common cause of neonatal encephalopathy. The 1-minute 
Apgar score predicts the survival chance of the neonate in the newborn 
intensive care unit. CPK MB values correlates to clinical development 
of shock and  ECG changes of cardiac dysfunction. Here, critical 
analysis of the observations of our study is performed, comparing it 
with other Indian and foreign studies. 
 
GENDER: 
In the present study both genders have equal incidence of neonatal 
encephalopathy. In the study by Reddy S et al there is increased 
preponderance of male baby for birth asphyxia 36.There is neither a 
previous study available in this aspect nor a explainable mechanism 
available. 
 
PARITY OF MOTHER: 
There is no association between the birth asphyxia and  parity of 
mother, which is comparable to Reddy S et al36 and Khriesat WH et 
al38. 
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MODE OF DELIVERY: 
There is a significant relationship between the presence of NE in 
those who underwent natural labour and those who did not undergo 
natural labour. Those who underwent natural labour are more likely to 
have NE than those who did not undergo natural labour. This can be 
explained by the delay in the delivery and the prolongation of asphyxia 
associated with labour natural, LSCS can stop this asphyxia abruptly by 
immediate delivery. 
 
But case control studies from Reddy S et al36 and Khriesat WH et 
al38 have shown more cases of LSCS in asphyxia cases than in the 
control group.  
 
FETAL DISTRESS: 
 History of MSAF occurred in 61.53% of HIE babies. Cord 
prolapsed and cord around the neck together accounts for nearly 13% of 
HIE affected babies. 7.69% of babies had history of obstructed labour in 
there birth history. 18.46% of HIE babies had any of the intrapartum 
events. In 2010, an Indian study done in Rajiv Gandhi university 
Karnataka, had MSAF in 64% of cases.40 
 
But only 8% of asphyxia babies had MSAF in Reddy S et al. The 
difference can be attributed to the inclusion criteria differences. 
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BIRTH WEIGHT AND DEATH: 
The birth weight of the babies that died is less than those that did 
not die. 
 
COMPLICATIONS IN ASPHYXIA: 
In the present study, Shock and respiratory failure are the two 
major complications in HIE cases representing 46.15% and 44.6% 
respectively. 
 
In the study by Reddy S et al36 and Rajkumar PS37 et al 
cardiogenic shock seen in 16% only, but Rajkumar PS et al study had 
CCF in 36.7% of cases and respiratory failure in 66.7% of cases. 
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Role of CPK MB : 
 
 
In the present study, only the CPK MB values at 24 hours have 
correlated with occurrence of shock. The cases with low PI are more 
likely to have high CPK value at 24 hours and 72 hours. The cases with 
cardiomegaly are more likely to have high CPK-MB value at 24 hours 
and 72 hours than in the cases without cardiomegaly. The cases with high 
CPK-MB value are less likely to have a negative ECHO finding. The 
positive ECG findings are more likely to be found in the cases wit high 
CPK-MB value at birth, 24 hours and 72 hours; than those who do not 
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fall under these categories. Thus there is definitely a role for CPK MB 
analysis in asphyxiated babies. Similar reports with good specificity and 
sensitivity for CPK-MB analysis are obtained in other studies as shown in 
tabulation. 
 
MO RTALITY: 
In our present study, out of 65 HIE babies admitted - 49 expired 
(75.4%). In the study by Rajkumar PS et al only 16% of babies expired. 
The high mortality in our study is due to difference in inclusion criteria. 
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ETIOLOGY AND DISEASE WISE MORTALITY 
Shock and respiratory failure are the two major complications in 
HIE cases representing 46.15% and 44.6% respectively. While the 
respiratory failure caused death in 82.75% of the newborns having severe 
respiratory distress, the cardiac dysfunction resulted in 56% of the cases. 
Sepsis complicated with NNEC, AKI  have increased the mortality rate. 
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7. CONCLUSION 
 
Neonatal encephalopathy is a common condition in a neonatal 
intensive care unit. Hypoxic ischemic encephalopathy is the most 
common cause of neonatal enceophalopathy. 
 
The etiological diagnosis of neonatal encephalopathy as HIE is 
easily made with proper and complete perinatal history.  
 
Evaluation of asphyxiated babies with neurosonogram, CSF 
Analysis ,CT brain, MRI, EEG, Echocardiography, CPK-MB analysis are 
increasingly available in many tertiary institutes and teaching hospitals. 
 
Mobilisation of the asphyxiated infant for CT, MRI, 
Echocardiography is the limiting factor. 
 
Myocardial dysfunction in newborns following perinatal asphyxia 
is common.   The incidence of transient myocardial ischemia is more 
frequent following severe grade of HIE. 
 
Routine ECG monitoring of asphyxiated babies helps to detect 
myocardial dysfunction and hence the identification of shock. 
 
 Assay of cardiac enzyme markers CPK-MB helps to complement 
clinical evaluation for early identification of shock. 
101 
 
 
 
Serial measurements of CPK-MB may be done where feasible. 
 
Measurement of CPK-MB at 24 hours is more useful than 
measurement at birth or at 72 hours of life. 
 
The early detection and hence prompt initiation of treatment of 
condition will help in improving prognosis of these asphyxiated 
newborns. 
 
Use of pulseoximeters which measure perfusion index is useful 
tool for recognition of shock. 
 
Considering the transient nature of myocardial ischemia early 
initiation of inotrope support will improve the outcome. 
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PROFORMA OF THE DISSERATION 
Baby of : 
Sex: 
Date and time of birth: 
Birth weight: 
Assessment of gestational age: 
METHOD LMP USG 
NEW BALLARD 
SCORE 
PERIOD OF 
GESTATION 
   
 
 
MATERNAL HISTORY: 
Birth notes: 
 
 
 
APGAR 
SCORE 
1 MIN- 5 MIN- 10 MIN- 15 MIN- 
 
Examination of  baby: 
 
 
MECONIUM STAINING OF AMNIOTIC FLUID-      YES /NO 
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Head to Toe Examination: 
 
Any obvious external congenital abnormalities: 
Neurological examination: 
 
 
Other systemic examination: 
 
Course in NICU: 
 
Fluid boluses: - yes/no   
Inotrope  support :– yes/no  
Perfusion index :-  low/ normal 
Seizures :-  yes/no  
COomplications: 
 
HIE STAGE: 
INCLUSION CRITERIA YES NO 
1. 5 minute APGAR  score of <3.    
2. fetal bradycardia / HR < 60/min   
3. Meconium staining of  amniotic fluid   
4. positive pressure ventillation for >1 min                                   
110 
 
 
 
 EXCLUSION CRITERIA YES NO 
1. Gestational age < 37 weeks   
2. major congenital malformation   
3. Neonate’s mother have recieved magnesium 
sulphate injection within 4 hours before parturition 
or received opioids /sedatives (pharmacological 
depression) 
  
 
INVESTIGATIONS: 
CBC: 
Chest - x ray: 
ECG : 
Neurosonogram: 
Echocardiography: 
Other investigations: 
CPK-MB assay BIRTH 24 HOURS 72 HOURS 
    
 
OUTCOME:    Discharge / Death 
Duration of hospital stay: 
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                              KEY TO MASTER CHART 
 
B/O   –  BABY OF 
IP. NO.  –  INPATIENT NUMBER 
BW  -   BIRTH WEIGHT IN KILOGRAMS 
 M  -  MALE BABY 
F  -   FEMALE BABY 
MH   –  MATERNAL HISTORY 
P  -  PRIMI 
G2  -  2 ND GRAVIDA 
POB  - PLACE OF BIRTH 
IB  -  INBORN 
OB  -  OUTBORN 
MOD  -  MODE OF DELIVERY 
LN  -  LABOUR NATURAL 
LSCS  -  LOWER SEGMENT CESAREAN SECTION 
FORC - FORCEPS ASSISTED 
VAC   –  VACCUM  
BRE   -  BREECH 
FD  -  FETAL DISTRESS 
F BRAD -  FETAL BRADYCARDIA 
OBST -  OBSTRUCTED LABOUR 
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CP  -  CORD PROLAPSE 
CAN  -  CORD AROUND NECK 
MSAF -  MECONIUM STAINED AMNIOTIC FLUID 
APGAR -  SCORE AT 1MIN,5 MIN, 10 MIN,15 MIN 
RESUTN -  RESUSCITATION DETAILS 
ETS  - ENDO TRACHEAL SUCTIONING 
BMV  -  BAG AND MASK VENTILATION 
INTU  -  INTUBATION 
NE  -  NEONATAL ENCEPHALOPATHY 
HIE  -  HYPOXIC ISCHEMIC ENCEPHALOPATHY    
LEVENE’S STAGE 
1- MILD HIE 
2- MODERATE HIE 
3-  SEVERE HIE 
IVH  - I NTRAVENTICULAR HAEMORRAGHE 
HG  -  HYPOGLYCEMIA 
BIL. ENC. -  BILIRUBIN ENCEPHALOPATHY 
RD  - RESPIRATORY DISTRESS 
MAS  -  MECONIUM ASPIRATION SYNDROME 
PT  -  PNEUMOTHORAX 
SHO  -  SHOCK 
RS  - REFRACTORY SHOCK 
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BULG AF -   BULGING ANTERIOR FONTANELLE 
LETH - LETHARGY 
SM  -  SYSTOLIC MURMUR 
PI  -  PERFUSION INDEX 
NRM  -  NORMAL 
PF  -  POSITIVE FINDING 
N  - NEGATIVE  
CPK-MB  –  CREATINE PHOSPHOKINASE MB FRACTION  
VALUES AT BIRTH, 24 HRS,72 HRS. 
CXR  -  CHEST X RAY  
CM  -  CARDIOMEGALY 
ECHO -   ECHO CARDIOGRAPH 
DHS  -   DURATION OF HOSPITAL STAY 
D  -  DAYS 
HRS  -  HOURS 
DIS  -  DISCHARGE 
E  -  EXPIRED 
COD  -  CAUSE OF DEATH 
RF  -  RESPIRATORY FAILURE 
RS  -  REFRACTORY SHOCK 
SEPS  -  SEPSIS 
EOS  -  EARLY ONSET SEPSIS 
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LOS  -  LATE ONSET SEPSIS 
NEC  -  NECROTISING ENTERO COLITIS 
AKI  -  ACUTE KIDNEY INJURY 
DAMA -  AGAINST  MEDICAL ADVICE 
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